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Background of the Invention 

1 . Field of the Invention 

5 This invention relates to. a new tripeptide having an amino acid sequence L-lysyl-glycyl-L-histidine 
•and/or metal complexes thereof, and a pharmaceutical composition for wound healing containing the same 
as an active ingredient. 

2. Description of the Prior Art 

10 

Various growth factors are known to be involved in the process of wound healing (Dijke et al., 
Biotechnology, Vol. 7, p. 793-798, 1989). TGF-/3 (transforming growth factor- £) and PDGF (platelet-derived 
growth factor), in particular, are known to proliferate fibroblasts, induce the cells to a damaged site and 
enhance wound repairing. 

75 Some tripeptides and metal complexes thereof have been known to have a cell proliferation effect. For 
example, glycyl-L-histidyl-L-lysine, which was isolated from plasma or synthesized and metal complexes 
thereof, such as, glycyl-L-histidyl-L-lysine : copper (II) are involved in cell proliferation of. hepatocytes, 
neurocytes, kidney cells, thyroid cells etc., and maintenance of growth (Picart, L. Method, Enzym. Vol. 147, 
p. 314-328, 1987; Picart, L. IN Vitro, Vol. 17, p. 459-466, 1981; Picart, L. US Patent No. 4,760,051). It is 

20 assumed that the cell proliferation activity of glycyl-L-histidyl-L-lysine involves binding of an essential metal 
ion of trace elements such as copper ion and incorporating the copper ion in cells (Picart, L. IN Vitro, Vol. 
17, p. 459-466 1981). Also disclosed is a use of glycyl-L-histidyl-L-lysine and metal complexes thereof, for 
example, glycyl-L-histidyl-L-lysine : copper (II) as an agent for promoting a therapy of affected bones and 
other hard tissues such as cartilage of warm-blooded animals (Picart, L. R., Japanese Patent Publication No. 

25 Hei 5-501253). 

L-lysil-L-histidyl-glycine was isolated from an avian bursa fabricii as a B cell differentiating hormone 
(Audhya, T. et al. Science Vol. 231, p. 997-999, 1986). Also it is disclosed that L-lysyl-L-histidyl-glycine is 
used as an agent for promoting a therapy for the affected bones and other hard tissues such as cartilage 
(Picart, L R., the above-mentioned Patent Publication). 

30 L-histidyhglycyl-L-lysine and L-histidyl-L-lysyl-glycine have been isolated from the feline spinal marrow as 
an inhibitor of transmission of neurocytes (Lote, C.J. et al., Nature, Vol. 264, p. 188-189, 1976). On the other 
hand, only giycyl-L-histidyl-L-lysine is known to constitute a metal complex with a metal ion, for example, 
copper ion among the above-mentioned tripeptides (Picart, L„ the afore-mentioned). 
However, it has never been reported that L-lysyl-glycyl-L-histidine nor metal complexes thereof, for 

35 example, L-lysyl-glycyl-L-histidine : copper (II) proliferates fibroblasts or is effective for wound healing. 

Detailed Description of the Invention 

Consequently, an object of the invention is to provide a tripeptide having a wound healing activity. 
40 Another object of the invention is to provide a pharmaceutical composition for wound healing containing 
said tripeptide as an effective ingredient. 

TGF-0 and PDGF, which were hitherto' considered to have a wound healing effect, are physiologically 
active substances having various functions of themselves and are considered to have other undesirable 
activities than wound healing. Therefore, a low molecular peptide having no such side effects and being 
45 specifically active in wound healing has been desired for the above purposes. 

The present inventors have found, as a result of various studies, the fact that L-lysyl-glycyl-L-histidine 
and/or metal complexes thereof such as L-lysyl-glycyl-L-histidine : copper (II) promotes fibroblast prolifera- 
tion, and this invention has now been completed. 

The tripeptide and metal complexes thereof according to this invention are highly water-soluble, and 
so they are most suitably administered in combination with a suitable water-soluble base for wound healing 
preferably by applying locally to an affected region. Preparations for an external use according to the 
invention may take the form of a water-soluble ointment, an oleaginous ointment, lotion, spray, oil, gel or the 
like. Representative bases may include macrogols for a water-soluble ointment, vaseline for an oleaginous 
ointment, vegetable oils such as olive oil, sesame oil, camellia oil and the like for an oil preparation, and 
55 carboxy vinyl polymer, sodium polyacrylate and the like for a gel preparation. The tripeptide and metal 
complexes thereof according to the invention can also be administered intravenously or subcutaneously in 
systemic administration, and nasally or transpulmonarily in the form of micronized aerosols. 
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The dosages are in a range of 1 to 100 mg/administration site/person/day in local administration, and 
0.1 to 10 mg/kg/day in systemic administration. 

The following examples are provided to illustrate the invention and are not intended to limit the 
invention. 

5 

Examples 

Example 1 Synthesis of L-lysyl-glycyl-L-histidine 

10 A peptide consisting of L-lysyl-glycyl-L-histidine was synthesized by way of solid-phase synthesis using 
an automatic peptide synthesizer (Applied Biosystems, Inc., U.S.A.). Using 0.5 mM of resin comprising 
styrene-divinylbenzene copolymer (molar ratio; styrene : divinylbenzone = 99 : 1), amino acids were 
connected successively toward the N-terminus of the peptide. One mM of N-(t-butoxycarbonyl)-L-Lys,N-(t- 
butoxycarbonyl)-Gly and N-(t-butoxycarbonyl)-L-His, respectively, were used as amino acids in the reaction. 

rs The peptides were obtained by the detachment from the solid-phase and the removal of protecting group 
by using 5 ml of 95% trifluoroacetic acid (TFA). The peptides obtained were purified by HPLC (available 
from Hitachi Corp.), then reverse-phase C-18 column (available from Vydac, Inc.) eluting with a linear 
gradient of acetonitrile containing 0.1% TFA. 

20 Example 2 Determination of fibroblast proliferation promoting activity of L-lysyl-glycyl-L-histidine 

Fibroblast cell strains, Balb/3T3 cells (purchased from ATCC) were inoculated into a 96-well culture 
plate at 5 x 103 cells/well, 100 ul of 10% calf serum-containing Dulbecco Modified Eagle Medium 
(hereinafter referred to as DME) was added and incubated at 37QC for 24 hours in an incubator. Then, the 

25 culture medium was removed and the cells were washed. One hundred ul of lowered serum medium (0.2% 
calf serum-containing DME) was added to the wells and incubation was continued for another 3 days. L- 
lysyl-glycyl-L-histidine obtained in Example 1 was added thereto at 10 al/well and incubation was 
performed for 15 hours.. The culture medium contains a trace amount of Cu2 + , and a part of L-lysyl-glycyl- 
L-histidine may form copper complexes. The 3H-thymidine was added to be 74 KBq/ml and incubation was 

30 performed for 6 hours. After completion of the incubation, the medium was removed, the cells were 
collected and the amount of 3H-thymidine incorporated in the cells was determined. 

The results of the determination of fibroblast proliferation promoting activity of L-lysyl-glycyl-L-histidine 
are shown in Table 1, wherein the data show the mean and its standard deviation (4 cases per one group). 

35 Table 1 



Added Compound 


Dose (M) 


Incorporated 3H-triymidine (cpm) 


Control 




1392.3 t 348.2 


L-iysyl-glycyl-L-histidine 


10~ 6 


1406.5 ± 470.5 




10" 5 


1371.8 ± 249.1 




10-* 


4889.8 ± 495.1 




10-3 


7719.5 ± 1246.8 



45 

From the results, it was confirmed that L-lysyl-glycyl-L-histidine has a dose-dependent cell proliferation 
promoting activity. 

Claims 

50 

1. A tripeptide comprising an amino acid sequence L-lysyl-glycyl-L-histidine and/or a metal complex 
thereof. 

2. . The tripeptide according to claim 1 comprising an amino acid sequence L-lysyl-glycyl-L-histidine. 

55 

3. The tripeptide metal complex according to claim 1 comprising L-lysyl-glycyl-L-histidine : copper (ll). 
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4. A pharmaceutical composition for wound healing containing an effective amount , of a tripeptide 
comprising an amino acid sequence L-lysyl-glycyl-L-histidine and/or a metal complex thereof as an 
active ingredient. 

5. The pharmaceutical composition for wound healing according to claim 4 wherein the tripeptide 
comprises an amino acid sequence L-lysyl-glycyl-L-histidine. 

6. The pharmaceutical composition for wound healing according to claim 4 wherein the tripeptide metal 
complex comprises L-lysyl-glycyl-L-histidine : copper (II). 
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